Abstract-In this investigation, we use data from HyMapTM, an airborne hyperspectral sensor, and IKONOS, a space borne high spatial resolution multispectral sensor, to investigate tbe landscape structure and variability of a coastal tidal marshbarrier island complex. Specifically, we explore the relationship between hyperspectral signature and patch metrics, such as Core Area Index, Shape, and Square Pixel among others.
I. INTRODUCTION
The marriage between remote sensing and landscape ecology is a natural one. Landscape ecology in its broadest sense is defined as the study of the effect of landscape pattern on ecological processes [1], Specifically, [2] express that landscape ecology considers the development and dynamics of spatial heterogeneity, interactions, and exchanges through landscape boundaries or ecotones, the influence of spatial heterogeneity on biotic and abiotic processes, and the management of the spatial heterogeneity. Quantitative methods are required to compare different landscapes, identify temporal fluctuations and shifts, and relate pattern to ecological process. These quantitative measures or metrics are discussed in detail in [1] , [3] , and [4] .
In this study, we examine the spectral variability of emergent Spartina alternljlora patches in a coastal landscape using data collected from HyMap, an airborne hyperspectral sensor, and IKONOS, a space borne high spatial resolution multispectral sensor. Specifically we examine the spectral variability associated from each patch relative to the entire class observation.
Employed metrics include, Core Area Index, Shape and Square Pixel, among others
II. METHODS AND MATERIALS.

A. Study Area
Extending 110 km along the seaward margin of the southern Delmarva Peninsula, the Virginia Coastal Reserve Long-Term Ecological Research (VCR-LTER) site provides the setting for this study. The VCR, characterized as a prototypical barrier island/lagoonal marsh/estuarine complex, consists of a complex assemblage of 14 barrier islands that is interlaced with a network of deep tidal channels, inlets, flats, and marshes. The high resolution data examined in this study was acquired over Smith Island, (Fig 1) . Located at the southern end of the peninsula, Smith Island is characteristic of the barrier islands within the VCR. The island is approximately 11 km long, has an average height above mean-seal-level of only 1.5 m, and is known to be, at times, bisected by ephemeral tidal inlets, the most recent inlet closing occurring around 1970 [5] .
B. Data and A4cthodq
Airborne hyperspectral data was acquire over Smith Island (Fig 1.) The delivered radiance product had a 4.5 m ground sampling distance or GSD. Atmospheric corrections were performed by the data provider using ATREM [6] . The following steps were performed on the hyperspectral data before the landscape analysis. We classified the scene by first performing a Maximum Noise Fraction (MNF) transform [7] on the data.
We kept the first 20 MNF transformed images and discarded the remainder. We then inspected the remaining transformed images for spectral, spatial, and textural qualities that would enhance the classification of the regions containing S, afternzj70ra. MNF bands 3, 4, and 6 proved optimal. Finally, we performed an unsupervised ISODATA classification [7] on the selected bands. A binary mask emphasizing S. alternzj70ra patches was subsequently generated from the classified result. This mask was used as the input scene for FRAGSTATS, a program that quantifies landscape structure (brevity prohibits a further discussion, and so we refer the reader to [4] ). Several patch metrics where computed including the ones used in the analysis: Area, Perimeter Length, Core Area, Shape, Fractal Dimension, Number of Core Areas per Patch and Core Area Index (CAI).
In addition, a Square-Pixel (SqP) metric [8] was computed.
One component of the FRAGSTATS output is a patch identification mask. This mask was used as a template for generating basic spectral statistics for each patch and the entir: S. alternlflora class. The mean class spectrum for S. alternijlora was then used as the reference for Spectral Feature Fitting (SFF). The SFF method is discussed in [9] and implemented in ENVI. SFF reports scores based on spectral similarity confidence. High scores indicate a strong simi Iarity between the observed and reference spectrum. In our (case, a high score indicates a strong similarity between the mean patch spectrum and the mean class spectrum.
OBSERVATION AND RESULTS
The mask generated from the classified MNF result is depicted in Fig I and is denoted by the black highlighted areas.
These areas are associated with S. alternljlora communities that occupy slightly elevated regions. A Total of 248 patches were identified by FRAGSTATS. The patches ranged in area from 0.1 to 31 ha with an average of 0.89 ha and a standard deviation of 2.97 ha. Fifty percent of the patches are less than 0.2 ha (Note: 1 ha = 10,000 mz). Fig. 3a depicts the patch area distribution.
The mean shape for the observed patches was 2.8 and over 70% of the reported values were under 2.5, which indicates a modest amount of complexity in regards to patch shape. The Shape Index and Square Pixel are area-perimeter metrics that mea,ure patch shape complexity with respect to a standard square pixel. The Shape Index histogram is shown in Fig3b. The Core Area Index represents the percentage of patch that is unaffected by edge and is basically an edge-to-interior ratio. The mean CAI is about 43 and the metric is more normally distributed than the two previously report results (Fig. 3c) .
SFF results are present Fig. 3d and reveal that over 50% of the individual patch spectra are within 15°/0 of the reference. This result indicates a fairly homogeneous patch structure with respect to the entire class of observations and it further implies a spectral homogeneity regarding S. alternzjlora community structure.
IV. DISC(JSSION
The HyMap data were collected approximately one hour before high slack water, so much of the marsh was inundated.
[n addition, the data were collected early in the growing season, before the full extent of growth was observable. Both matters complicated the data analysis and interpretation of results; consequently, we focused our attention on the regions we could classify confidently, Most notably, these were slightly elevated regions of S. alterrrtjlora. The spectral analysis suggests the classification result was fairly accurate and it is, to some degree, in agreement with both the National Wetlands Inventory and past vegetation surveys, though both of these references are quite dated.
As mentioned earlier, the principle objective of this work is to explore the spectral variability in regards to landscape complexity, specifically at the stand or patch level, We begin this exploratory analysis by comparing several patch metrics with SFF scores in an attempt to establish trends. Our motivation was stimulated by the premise that spectral variability is reflected in landscape heterogeneity in a such away that spectral variability represents a surrogate response for plant structure and physiology. By exploring these characteristics at the patch level, it then may be possible to discern processes affecting change at the landscape level.
In regards to elevated S. altern#70ra patches on Smith Island, SFF scores are clustered around data centers and are minimally polarized along the patch metric axis. This suggests a weak positive correlation between SFF and each metric for most of the observed relationships. Two examples are given in Fig. 4 . Specifically, SFF scores exhibit an increasing trend with CAI (Fig 4a) . Intuitively, this result is not surpassing since we expect regions with larger CAI to have purer stands of S. alterwlflor-a(at least to some specific point), and thus a higher SFF score. Departures from this relationship could possibly be symptomatic of a physiological response such as stress or a shift in species assemblage with a latter indicating a degree of fragmentation within the patch. Fig. 4b depicts SqP, shape metric.
Here the relationship between SFF and the patch metric is less evident.
Clearly, the work presented here is not exhaustive and additional analysis is required in order to establish the significance of any relationship between hyperspectral measurements and landscape complexity.
We anticipate additional hyperspectral data collections scheduled for this year will help clarify our analysis V. SUMMARY preceding result indicate a fair amount of complexity in regards to patch shape though core areas are large. This suggests the presence of complex shapes with fairly homogeneous and extensive interiors. SFF scores also suggest a relatively uniform environment. Some trends are observed between SFF and the various patch metrics examined in this study, most notably the relationship betweeen SFF and CAI.
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